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ABSTRACT 

Using a pictorial computer simulation of a natural 
phenomenon, children's exploration processes and their construction 
of conceptual models were examined. The selected natural phenomenon 
was the variations of sunlight and heat of the sun experienced on the 
earth in relation to the positions of the earth and sun in space, and 
the subjects were 7-year-old Finnish first graders. When a child 
explored the simulation, each press of the mouse was recorded in the 
computer's memory, in order to note exploration pathways; pathways 
were then transferred to paper and a description technique was 
developed for them. Two tables show this technique and an example of 
a child's exploration pathway using the technique. Children's 
conceptual models were examined before and after the exploration of 
the natural phenomenon. Before the use of the simulation, children's 
conceptual models were at very different levels; during use, 
conceptual models developed in varying amounts, with knowledge 
constructions moving in the same general direction. (AEF) 
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Abstract: This paper describes an investigation examining the constructing of a 
conceptual model of a selected natural phenomenon by children when using a 
pictorial computer simulation of that phenomenon. The paper concentrates on 
describing children's exploraUon process in relation to their conceptual models before 
and after the use of the simulation. The selected natural phenomenon was the 
v£, variations of sunlight and heat of the sun as experienced on the earth related to the 

<N positions of the earth and the sun in space. Children's conceptual models before tJie 

00 use of the simulation formed a staning point from which the exploration of the 

^ phenomenon was activated. Children's exploration seemed to contain for pxample 

Q wandenng here and Uiere, invesUgaUng and seeking for something and experimenting 

pj with aim. During die exploraUon process occured the construction of conceptual 

models in varying atnounts but the construcUon seemed to follow a correctly directed 
conceptual model of that phenomenon. 



Ihis paper is one part of an investigation whose aim was to investigate to what extent the independent use 
of a pictorial computer simulation of a selected natural phenomenon could be of help in the organizing of tj'ie 
phenomenon and the forming of an integrated picture of that phenomenon. Attention was paid to die 
constructmgof a conceptual model of Uie phenomenon by children and children's exploring process during the 
"rlri^,'' simulation. This paper concentrates on examining children's exploring process and its 

relation to the constructing of children's conceptual models by using a pictorial computer simulation of that 
phenomenon The children taking part were seven-year old Finnish first-graders. They had at school no formal 
instrucuon before or during Uieir exploration process of this natural phenomenon. The author has not found any 
correspondmg works. 

In this work a conceptual model of a natural phenomenon is seen as a mental construct which is based on 
^Z7^^n f in the interconnected neural networks of the brain concerning a phenomenon in 

™ ?h f"™^'' basis of the regularities of a natural phenomenon It 

L ? T f ■ "k^""''' P^^P^^'^'^ ^"'l ^^'^"""-^ 3 natural phenomenon. A conceptual model makes it 
possible to Uiink about a phenomenon, to describe it, and to explain and to predict the events of the 

mr; of'^nt^" " '""7'"'' '''''' ''""'^''^ 2.e neural networks L a 

model 0 a phenomenon forms when interconnected neural networks concerning a phenomenon are acU vated 

This paper first describes the pictorial computer simulation of a selected natural phenomenon After i' 
prc-cdures lor the exatnination of children's exploration process are described and finally children's exploration 

Pictorial Computer Simulation 

hP.,15',h^'f natural phenomenor, for the pictorial computer simulation was the variations of sunlight and 
heat of the sun as experienced on the earth related to the posiUons of the earth and the sun in snace InZ 
n rtSenviTm^'^ n f^'-^.^^-,™'-- "f-n^ig^t and heat of the sun and tSefe^fect; onTe elt 
S andTe I '^'=,^.P'^'=""'"^"^ f^o^" the basis of the interconnections and positions of 

?xneSc?s of rh iLn ^ . ? simulation concentrates on phenomena which are close to the everyday 
experiences of children, such as day and night, seasons, changes in the life of plants and birds etc The 
simulation program has been impleme.ited in such a way that the knowledge structure and theory of tile 
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phenomenon are based on events appearing logeiher with the phenomenon in question, and these events are 
illustrated. In the simulation all events and necessary elements are represented as pictures and familiar symbols. 
At the earth level the pictorial simulation represents the surrounding world, its phenomena and objects in a very 
natural and realistic way. In exploring the phenomenon at the space level the interrelations of the earth and the 
sun are represented with the help of an analogue model. The selected place on the earth from where the 
phenomenon has been modeled and simulated for a computer is the suburb of Lentavanniemi in Tampere, in 
Finland. The children who participated in this research live in this area. Therefore the exploration of the 
phenomenon with the pictorial simulation takes place in an environment familiar to the children. 

The computer program begins so that on the screen appears the earth revolving on its elliptical orbit around 
the sun. A child can see the whole revolution of the earth around the sun and can continue at any time to the 
next phase where the name and age of a child is asked. Next a map of Finland appears on the screen and by 
pressing the position of the city of Tampere on the map a view from Lentiivanniemi toward the south is seen on 
the screen. 

The exploration of the phenomenon starts in Lentavanniemi on the 1st January at midnight. On a big screen 
is seen at that moment a dark, snowy, winter landscape in a direction of the south. The exploring can be 
continued by using icon pictures under the picture of the landscape, for example, a clock, a pictorial calendar, a 
picture map with different points of the compass and a space shuttle. The exploring of the phenomenon can be 
continued in many ways hour by hour, day by day, month by month, at different po\n\& of the compass and so 
on. At any moment it is possible to take a space shuttle and to look at the interrelations and positions of the 
earth and the sun at the space level. At the space level it is also possible to explore the interrelations and 
positions of the earth and the sun by using icon pictures which show the time in the same way as at the eartJi 
level. At every moment it is possible to choose how to continue exploring. Exploring can proceed at every 
moment using the existing alternatives. 

When exploring at the space level the earth, rotating around its axis and revolving around the sun on its 
elliptic orbit, appears on the screen. The plane of the earth's orbit is shown as viewed from directly above this 
plane. When exploring the phenomenon at the earth level the following may appear on the screen: the changes 
of darkness and lighmess daily with an accuracy of one hour, the sun's positions in the sky every hour, the place 
and time for the sunrise and the sunset every day round a year, typical plants, birds and animals according to 
seasons and so on. With the help of the icon pictures, binoculars, magnifying glass and microscope it is 
possible to explore flowers, trees, leaves, insects, birds, spores, animals and so on in more detail. On the screen 
a selected object is seen as bigger. At the space level with the help of a telescope it is possible to look at the 
earth at a larger size so that, for example, Finland is seen more clearly. From tliis picture of the earth it is 
possible to continue further and to see the map of Finland, and finally an air photo of Tampere. In the 
simulation it is also possible to explore the mutual size of the earth and the sun and to get an image of the 
distance between them. Also the position of the earth in the whole solar system can be seen on the screen. The 
pictorial computer simulation is constructed so that it is very easy to use and it does not presuppose an ability 
to read or write. A pictorial computer simulation (Kangassalo 1991) is described in details in the article by 
Kangassalo (1992). 



Examination of Children's Exploration Process and Description Techniques 

When a child explored a phenomenon by using simulation each press of the mouse wa.s recorded in the 
computers memory. Presses were recorded so that it was possible afterwards to recall, from the computers 
memory the children's exploration pathways and to see each child's exploration pathway on Uie screen. On the 
screen a child's exploration pathway can be seen press by press as pictures like it occured in the exploration 
situation. Children's exploration pathways were recorded from the computer's memory on to paper and a 
description technique was developed for them. The description technique makes it possible to follow children's 
exploration process as it happened in the origimil situation. In the description technique it can be seen on which 
levels of the phenomenon a child's exploration took place. Table 1 shows this technique. In the technique the 
following levels can be separated: earth/space, the point of Uie compass on the earth, monlJi (including season 
and month), day (including numberof a day, time, awake/sleep), research mediums (at space level also the scjile 
and the solar system) and finally details. In Table 2 an example is shown about a child's first exploration 
pathway by using the described technique. 
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Table 1. 

TIic (Icscripiion technique for children's exploration pathway. 

.1 M January 00 o'clork on the earth the point nf the compax^; 15; 
point of the compass 
season 
month 

number of a day 
time 

awake/sleep 

research medium 
detail 

space shuttle to space:earth-sun 

season 
month 

number of a day 
time 

awake/sleep 

research medium 

map of Finland 
airphoto of Tampere 

scale 

solar-system 
scale 

back to earth-sun 

space shuttle to earth 

Table 2. 
The first exploration pathway of a child. 

1 St J a ni i arv 00 o'clock nn the enrth the ^ point of the comna5;s is son lh 
awake 

east 

season 

2nd 

binocular 

sparrow 

space shuttle to space: earth - sun 

telescope 
scale 

solar system 
scale 

back to earth - sun 
space shuttle to earth 

season 

magnifying glass 

raspberry flower 
measuring worm 
ladybird 
dragonfly 

space shuttle to space: earth - sun 

scale 

back to earth - sun 

12 

awake 

telescope 



space shuttle to earth 



ERIC 



map of Finland 

air photo of Tampere 



313 

'1 



aeST COPY AVAILABLE 



The second description technique has been developed with the purp<\se of siunmarising and clarifying a 
child's exploration subjects at different exploration times. An example of this technique is seen in Tabic 3. hi 
this table has been described all icons by which it is possible to explore the phenomenon both at tlie earth level 
and at the space level. In this table can be seen what a child explores, how many times and how extensive an 
exploration is. By examining all a child's exploration times as separate tables it is possible also to see in which 
order a child explores the things of the phenomenon. Both description techniques support and are complementary 
to each other. The descriptions of the exploration pathways shows a child's exploration processes step by step 
and from tables they can be seen in summary. By means of the descriptions of exploration pathways and tables 
can be followed the construction process of children's conceptual models. 



Table 3. 

The first exploration pathway of a child as a table. 
Child: 1 

Date: 20.11.1991 
Number of frames: 28 
Time: 11 min 

On the earth In space 





south 


east 


west 


north 




season 




2 








month 












day 




1 








hour 










1 


awake/sleep 


1 








1 


binoculars 




1 








details 




1 








magnifying 




1 








details 




4 








microscope 












details 












telescope 








2 


map 








1 


photo 








1 


scale 








3 


solar systen 








1 


point of 


1 


shift in space 


2 


space shuttl 


3 4 
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Children's Exploration Process and Its Relation to Children's Conceptual 

Models 

Before and after the expIoraUon of the natural phenomenon children's conceptual mcvJels have been elicitatcd 

moSrweTn."'-"^ '""'^ I''' ""'T"^'" ^^'"^^ of the simulaUon childreSs co ep^ a' 

^n^. I, f conceptual models of the phenomenon were iuitc 

mk™'^ • ''''^^ "'^"''^ ^<^^ developed. Only son.e children's conceptual models contained a clear 
misconception. During ihc use of the simulation in children's conceptual models changes occured. n,e most 
Mgnificant change wa.s that the interconnecUons of different phenomena and entities began to be constructed and 
the consu-ucuoii seemed to follow the currently accepted scientific knowledge 

In the construction of the interconnecUons of phenomena and enUties the following phases could be seen- 
Oie existence of interconnecUons had been discovered, the organizaUon of interconnections took shape (order 
ST 21 ? '^^ interconnections increased, the reorganization of intercomiection 

took shape: interconnecUons ceased to exist or/and interconnections replaced by other interconnecUons 
1 ThP !S^h1!il'^ phenomenon in question the main direction of consu-ucung by children tends to be as follows- 

1. I ne earth begins to revolve around tlie sun. 

2. Sea.sons are organized in the everyday world and are connected to the positions of Uie eartli and the sun in 

J'PrtCC 

L'eiJlrtiie'^^tJ'fl^rbir ''''' '° '^""^ '^^ ^<^^"'-"e 

L^lnlTof ih!^."f ""'^ succession of seasons ha.s been seen to have resulted from 
^:u~ S Xnce a y^ ''''' ''""^^ ^ 

LI"c*''"1T.k'''' ""u"^""' "^'""^ ^^"'^ SimulaUon. the sun was revolving around the earti, in two 

cases out of three the sun did not revolve anymore around the earth after the use of the simulation 

Ihe children s exploration process is examined next from the ba.sis of their conceptual models before the n^p 
Sf^rer""'"r-.P"'''? "^'^'^^^'''^ i"'" e-"PS according to what kind orconcep'l moS h^^^^^ 

P^) int from which the exploration of the phenomenon was activated. Children's conceptual models and chances 
with in them can be read more precisely in Kanga.ssalo's article 1993b uianges 
The first group con.si.sted of children (3/1 1) whose conceptual models before the use of the simulaUon were 
quite vague and undeveloped. After using the simulation a significant change in their moSeirwas tJat tSe 
began to revolve around Uie sun. TTie exploraUon of the phenomenon by two of theseXS chTldren tix,k Zee 
quite randomly at the earth level. They iooked into the space level now and again buTmurned Smos bf 
same way back to the earth level. One of these three children explored the phenomenon at ^ eaTlevel more 

Z nS!"^ T^'' ^"^^"^ ^f'^^ 1"*'^ of'^"- 1" t^is child's concepts? mcielXr 
the use of Uie simulation the order, continuity and regularity of seasons in the everyday wor d Sad Sen 

on the earth and in space had been noticed. In these children's models, after the exploration prcKess "u e c^ s 
revolving around the sun and the succession of seasons on the earth was perceived to b! colecied w'^the 
positions of the earth and Uie sun in space. The associaUon of the alternation of lightness and Ses-^ an^ Z 
succession of seasons in the positions of the earth and the sun in space model prov to iS pTobSiaUc 
.K. . ^'""f' ' conceptual model before the use of the simulation was someSruncertain 

about the succession of seasons on Uie earth but in his model ihc earth goes round. This Ss exp oraUon o 
the phenomenon was directed to phenomena on the earth. He explored very carefully and many Umes monSis a 
different points of the compass and systemaUcally looked for details month by mol HeZkeSTntoTe space 
level very often almost in every season and used the telescope frequenUy to see Uie SrS^enl^.ed Th^ 
exploration of Uie phenomenon at Uie space level by Uie use of Ome charactm tSk- n?Jf i ^ • 
After Uie exploration process in his conce'ptual model'uie su^'e^LTof feaTonfwJre t "^^^^^^^^^ 

- — - and darkneStSj et'sil^ 

beconnected w.Ui uh. positions of Uie earth and the sun in space. Co.inections in lidr S^l! wer^sSl q^ile 
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The fourth child of this second group explored the phenomenon the longest time (112 minutes) out of the 
whole group of eleven children. He started to explore the phenomenon on the earth. At first he looked for details 
according to seasons and months. Gradually he used the icons of the clock and days and after that he moved (o 
explore at the space level. At the space level he explored the movement of the earth by using the clock, days and 
months. Sometimes now and then he looked into the earth. The child's exploration was systematic and took 
place with aim. Some degree of experimenting also occured especially at the latter part of the exploration 
process. After the use of the simulation in his model the earth is revolving around the sun and the succession of 
seasons on the earth was perceived to be connected with the positions of the earth and the sun in space. The 
association of day and night and succession of seasons at the space level did not lake place. In his model these 
things were separate, so that daylight on the earth, in Tampere, is when the earth is on the other side of the sun 
and dark when it is on the opposite side of the sun. 

The third group consisted of one child whose conceptual model of the phenomenon was very well developed 
before the use of the simulation. The only undeveloped thing in his conceptual model was the reconciliation of 
the alternation of lightness and darkness and the succession of seasons with the positions of the earth and the sun 
at the space level. During the exploration process the reconciliation was made. This child explored the 
phenomenon quite thoroughly both on the earth and in space. When using time icons, season, month, hour and 
day, the exploration took place side by side on the earth and in space. 

The fourth group consisted of three children (3/11) whose conceptual models conoiined a clear 
misconception. In their models the sun was revolving around the earth. After the use of the simulation, two of 
the children's conceptual models became disintegrated. The sun's revolution around the eartii was absent and 
interrelations of phenomena on the earth and space became weaker. One child's model remained almost 
unchanged. From these children's exploration there can not be seen any uniformity. One child whose model ai'tcr 
the exploration process was disintegrated explored the phenomenon noticeably at both the earth level and the 
space level by using the time icons. The other child's exploration was quite random wandering and amusing. The 
child whose model remained almost unchanged used mainly the season and month icons on die earth level. Now 
and then he amused with the space shuttle and looked into the level of the solar system. 

Summary about results 

Children's conceptual models before the use of the simulation formed a starting point from which the 
exploration of the phenomenon by children was activated. Children's exploration processes seemed to contain 
wanderings here and there, investigating and seeking for something and experimenting with aim. Sometimes 
children amused themselves with the space shuttle and some children made tales about animals. The more 
developed and integrated conceptual model, the more children's exploration contained investigating and 
experimenting with aim. Children's conceptual model of the phenomenon develops and constructs during the 
exploration process in varying amounts but the main direction of constructing tended to be the sajne and seemed 
to follow the curreniiy accepted scientific knowledge. 
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